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INTRODUCTION
The brain is the key to interpret and respond to potentially stressful events throughout life. Repeated stress will affect number of brain regions, especially corticolimbic structures such as hippocampus, prefrontal cortex and amygdala. 1 The changes of these structures can disrupt cognitive and emotional functions resulting in various disorders, most notably depression, schizophrenia and post traumatic stress disorder (PTSD). 1, 2 Stress also induces structural morphology neuronal alteration. 3, 4 Other structural disruptions are the rearrangement of pyramidal layers II-III apical dendrites caused by chronic glucocorticoid administration, 4 atrophy of dendrite branching and loss of dendritic spines, atrophy of external prelimbic and infralimbic region of medial prefrontal cortex 5 and apical dendrite remodeling in medial prefrontal cortex (mPFC). This remodeling causes reduction in the number and length of apical branching and suppresses mPFC neurogenesis which results in structural asymmetry 3 due to proliferation rate differences in both hemispheres. 5 Stress also can affect hippocampus and prefrontal cortex (PFC) networking by reducing long term potentiation (LTP) induction, PFC cell atrophy, disrupting working memory and stimulus processing. The cognitive function such as decision making, rule learning, behavior flexibility are also affected by stress. Stress has profound effects on structural changes of PFC. 6, 7 Proliferation is the part of cytogenesis that marked by the existence of some new cells in a short period, about two hour. Rate of cytogenesis is affected by environmental factors such as stress, endocrine, and pharmacological stimulations such as antidepressant and psychotropic drugs administration. 8 Long term administration of antidepressant (2-4 weeks) can increase number of 5-bromo-2-deoxyuridine (BrdU) labeled cells, a cell proliferation marker in hippocampus and prefrontal cortex. 1, 8 Antidepressant can also increase the number of neurons in hippocampus. 9 Unfortunately, studies have confirmed that antidepressants are no more effective after long administration and have serious side effect such as suicide. Therefore, a new or alternative agent is needed.
Some medicinal plants have been used traditionally as antidepressants in several regions in the world and potentially to developed as alternative treatment.
10 Centella asiatica L., locally name pegagan, is one of Indonesian medical plants that has been used traditionally as antidepressant for a long time.
11
The ethanol extract of C. asiatica L. was proven to have sedative effect and can increase cognitive functions in animal model. 12 In addition, this plant has antiinflammatory active constituents that can stimulate proliferation in healing injury, 13 and increase brain's higher function in young and adult mice.
14 This study was conducted to evaluate the effect of ethanolic extract of C. asiatica L. on cell proliferation of PFC in adult rats.
MATERIALS AND METHODS

Animal
This was purely experimental research with posttest only control group design. Thirty adult male rats Sprague-Dawley aged 12-16 weeks with body weight 260-390 g obtained from National Agency of Drug and Food Control, Republic of Indonesia were used in this study. The rats were maintained in the animal house of the Department of Anatomy, Embryology, and Anthropology, Faculty of Medicine, Universitas Gadjah Mada under controlled conditions of light/ dark cycle (12:12) at temperature of 30±2 o C and humidity of 50±10%. They were fed on standard rat food, AD II purchased from PT Wonokoyo Jaya Group, Surabaya, East Java and allowed water ad libitum. Two to three animals were housed together in a 40x30x15 cm polypropylene cage. Animal handling and experimental procedure were approved by the Medical and Health Research Ethics Committee (MHREC), Faculty of Medicine, Universitas Gadjah Mada, Yogyakarta.
Ethanolic extract of C. asiatica L. preparation
Whole plants of C. asiatica L. were purchased from CV Merapi Farma Herbal, Yogyakarta. The plants were then washed and oven dried at 50 o C. The dried plants were powdered and used for extraction. Two hundred grams of the powder were macerated with 70% ethanol for 24 hours and filtered. This maceration was repeated thrice. All filtrates were collected and evaporated using rotary evaporator to obtain dried ethanolic extract. The extract was dissolved in 2% pulvis gummic arabicum (2% PGA) before administering to the animals.
Experimental procedures Experimental groups
Animals were divided into six groups of five animals each. Group 1 served as normal control that not underwent any stress procedure. Group 2 served as restraint stress control that subjected to a 21 day chronic restraint stress procedure. Group 3 served as positive control that received a dose of 10 mg/ Kg Body Weight (BW) of fluoxetine orally for 21 days along with chronic restraint stress. Group 4 received a dose of 150 mg/Kg BB of C. asiatica L. ethanolic extract orally for 21 days along with chronic restraint stress. Group 5 received a dose of 300 mg/Kg BB of C. asiatica L. ethanolic extract orally for 21 days along with chronic restraint stress. Group 6 received a dose of 600 mg/Kg BB of C. asiatica L. ethanolic extract orally for 21 days along with chronic restraint stress.
Chronic restraint stress procedure
After an acclimatization period of one week, chronic restraint stress procedure was conducted. Rats were weighed daily before chronic restraint stress procedure started. The rats were then placed in restrainers for six hours beginning from 09.00 to 15.00 for 21 consecutive days and were kept in their home cages during the restraint period. Vehicle (2% PGA) or fluoxetine or ethanolic extract was administered 30 minutes before chronic restraint stress for 21 days. The rats normal control were kept undisturbed in their home cages.
Examination of PFC cell proliferation
Prefrontal cortex cell proliferation was examined by immunohistochemistry method after labelling with a bromodeoxyuridine (BrdU) proliferating cells marker. After chronic restraint stress for 21 days, all rats were injected intraperitoneally with BrdU (200 mg/kg BW, dissolved in saline). Two hours after BrdU injection, all rats underwent EPM and MWM tests. These tests were repeated once daily for 7 consecutive days. On the 29 th day after BrdU administration over, all rats were deeply anesthetized using intramuscularly injection of ketamine and xylazine, transcardially perfused with NaCl-EDTA followed by PBS formalin and then the brains removed and postfixed.
One third of total brain length without cerebellum, from the right hemisphere was processed routinely for paraffin embedding. The block of brain tissue sample was then serially sectioned at coronal orientation at a thickness of 3 μm using a Leica microtome (RM 2235). One of 185 slices was randomly chosen to be f1, mounted into IHC slide and coded. The next slices were also stained with cressyl fast violet in order to determine the prefrontal cortex area.
In the cressyl fast violet staining, the tissue was deparaffinized with xylol and then then rehydrated with a graduated alcohol. The tissue was then stained with cressyl fast violet for 2 minutes. If the slices were too dark, the slices were dip in 80% alcohol. If the slices were too light, the slices were retained in cressyl fast violet. The slices were then dehydrated in 90% and 100% alcohol briefly, cleared in xylol and coverslipped with Canada balsam.
For the immunohistochemistry staining, the tissue was deparaffinized with xylol and then rehydrated with a graduated alcohol. After being treated in 3% H 2 0 2 in methanol for 20 minutes to block the peroxide, the sections were washed in PBS for three times. The sections were immersed in 0.1 M pH 6 citrate buffer at 80-90 0 C for 20 minutes, washed in PBS and the membrane was permeabilized with 0.25% trypsin for 10 minutes at 37 0 C. After being washed in aquadest for 5 minutes, the sections underwent acidification in 2N HCl at 37 0 C for 20 minutes. To prevent nonspecific binding, the sections were incubated in sniper background for 10 minutes, washed with PBS and incubated in 1:100 primer antibody mouse anti-BrdU (Sigma) overnight at 4 0 C. After overnight incubation, sections were adapted in room temperature for 20 minutes before washing with PBS. The sections were incubated with secondary antibody universal link for 10 minutes at room temperature, washed in PBS and incubated in TrekAvidin horseradish peroxidase for 10 minutes before washed in PBS again. After washing, BrdU labeled cells were visualized in 3'-diaminobenzidine (1:50) in substrate for 20 minutes. The sections were washed in aquadest and counterstained with hematoxilin for 2 minutes, washed in aquadest, dehydrated with a graduated alcohol, cleared in xylol and coverslipped with Canada balsam.
All the BrdU-labeled cells in prefrontal cortex (from the right hemisphere) were counted with 400x total magnification by equation.
15 N = total cell number, Q = cell number of f1, f1 = sampling fraction (1/185).
The cells counted were those showing brown nucleus and nucleolus. Nucleolus was the counting unit. All cells counting were performed by blind method.
Statistical analysis
The data of the BrdU-labeled cells of all groups were presented as mean ± standard deviation (SD) and were analyzed using analysis of variance (ANOVA) followed by post-hoc Tukey test. Values of p < 0.05 were considered statistically significant.
RESULTS
The reduction in body weights of rats in all groups after chronic restraint stress 6 hours per day for 21 days was observed in this study (FIGURE 1). However, there was no significant difference in the reduction of body weight between all groups (p>0.05).
Prefrontal cortex area sectioning
The frontal lobe of right hemisphere of the rats was coronally sliced in 3 µm. One of every 185 slices was mounted in PLL slide to undergo cressyl fast violet staining. There were 6-8 slices collected in every slide. Cressyl fast violet staining was used to show the area of prefrontal cortex between bregma +5.64 mm until bregma +0.80mm containing medial region of prefrontal cortex (mPFC): infralimbic (IL), prelimbic (PL), anterior cinguli (Cg) and orbital region (oFC): ventral and lateral orbital cortex (VO/LO) (FIGURE 2). 
Number of BrdU-labeled cells
The distribution of BrdU-labeled cells in prefontal cortex was examined using the immunohistochemistry method. The BrdUlabeled cells were showed as nuclei with brown color. The BrdU-labeled cells in cluster form that demonstrated mitotic process and 
DISCUSSION
Body weights
The body weight of all rats was weighed daily during 21 days of restraint stress. Reduction in body weight of the rats in all groups was observed in this study, even in the normal control group. The reduction in body weight indicated that all rats had stress experience. The stress experience was also supported by physical appearance of the rats after restraint stress. Rats in all group of treatment expressed pallid, groom, and wet hair of rats after restraint stress. In the normal control group, the stress experience of rats might be caused by oral ingestion of vehicle (PGA) using an oral feeding needle. Seib & Wellman 16 reported that daily administration of saline during 21 days increased serum corticosterone level from base line in rats. The reduction in body weight was observed on first 14 days during 21 days of restraint stress. In the beginning of the 3 rd week, a trend of increase in body weight was observed. It was assumed that on the 3 rd week, rats already adapted to the stress condition.
The reduction in body weight of the rats in C. asiatica treatment groups and positive control group (fluoxetine) might be not only due to the stress experience but also due to their side effects. Centella asiatica was reported to have appetite reduction that cause the lowering of food intake. In addition, C. asiatica contains an active compound catechin that can stimulate fats catabolism in the body. 17 Fluoxetine as positive control has been reported to have appetite loss, body weight reduction and hyperactivity of rats. 18 The body weight reduction is caused by the increase of serum corticosterone level which have important role in the process of gluconeogenesis. 19 Although the reduction in body weights of rats tends to be higher after the fluoxetine and C. asiatica extract treatment, however no significantly different between all groups was observed in this study.
Prefrontal cortex cell proliferation after restraint stress
This study showed that the number of prefrontal cortex cell after restraint stress (265.920±225.057) was higher than that normal control or without restraint stress (171.530±134.510). This result was in contrast to previous findings reported by Czeh et al. 3 This authors reported that the number of prefrontal cortex cell after restraint stress was lower that that normal control. Several factors might influence these results. This study was a part of research project concerning the effect of C. asiatica on cell proliferation, apoptosis, anxiety, memory and learning. To assess anxiety, the all rats underwent Elevated Plus Maze (EPM) and Morris Water Maze (MWM) tests on the day 22 nd -28 th followed by termination on the day 29 th . These EPM and MWM tests could be a novel stressor on the normal rats which could increase serum corticosterone level higher than on the rats that underwent restraint stress before. 19 Corticosterone is a down-regulator of cell proliferation. 8 The high serum corticosterone level will suppress the production of new born cells in prefrontal cortex as indicated by the decrease of the number BrdU-labeled cells. 20, 21 Prefrontal cortex cell proliferation after treated with C. asiatica
This study showed that the number of BrdU-labeled cells between groups was not significantly (p>0.05). This result demonstrated that the administration of ethanolic extract of C. asiatica did not increase cell proliferation on prefrontal cortex of rats. This results are not supported by the previous studies reported by some authors. Centella asiatica L has been used traditionally as antidepressant for a long time. 11 Moreover, the ethanol extract of C. asiatica L. has been proven to have sedative effect and can increase cognitive functions in animal model. 12 This plant has also anti-inflammatory active constituents that can stimulate proliferation in healing injury, 13 and increase brain's higher function in young and adult mice. 14 As above mentioned that the EPM and MWM tests performed to the rats during this study could increase serum corticosterone level and lead decrease the prefrontal cortex cell proliferation as indicated by the decrease of the number BrdU-labeled cells. 20, 21 
CONCLUSION
In conclusion, the administration of ethanolic extract of C. asiatica does not influence cell proliferation on prefrontal cortex of rats after chronic stress. The functional test conducted during in this study might influence the cell proliferation.
